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HAND CLEANLINESS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 1 1/415,687, entitled Hand Cleanliness, 
filed May 1, 2006, which is a continuation-in-part of U.S. 
patent application Ser. No. 1 1/353.746, entitled Hand Clean 
liness, filed Feb. 14, 2006, which is a continuation-in-part of 
U.S. patent application Ser. No. 1 1/157,094, entitled Hand 
Cleanliness, filed Jun. 20, 2005, the contents of all of which 
are incorporated herein by reference. 

BACKGROUND 

0002 This description relates to hand cleanliness. 
0003 Health care workers, food handlers, and others 
ought to clean their hands frequently and thoroughly, but they 
often don't. Better hand cleaning habits can be promoted by 
governmental regulations, company rules, social pressure, 
and technology. Techniques that have been proposed for 
improving cleaning habits include the use of special cleaning 
agents as well as mechanisms and electronic devices to regu 
late, monitor, and report on how frequently and how effec 
tively people clean their hands. 

SUMMARY 

0004. In general, in an aspect, a wearable device includes 
(a) an indicator to indicate a cleanliness state of a user's hands 
and (b) a wireless communication element to communicate, 
with an external device, information that is useful in connec 
tion with indicating the cleanliness state of the user's hands. 
0005 Implementations may include one or more of the 
following features. An element of the apparatus maintains a 
cleanliness state of the user's hands including a disinfected 
state and a non-disinfected State. An element of the apparatus 
Switches the cleanliness state of the apparatus from disin 
fected to non-disinfected regardless of the actual cleanliness 
state of the user's hands. The indicator is at least one of a 
visual display, a Sounding device, a lamp, or a vibrator. Stor 
age holds data indicative of the cleanliness state of the user's 
hands. 
0006. In general, in an aspect, at a wearable device, a 
command is received to switch states from disinfected to not 
disinfected, and in response to the command, an indicator that 
is perceivable by people in the vicinity of a user of the wear 
able device, is changed from an indication of disinfected to an 
indication of not disinfected, regardless of the actual cleanli 
ness state of the user's hands. In some implementations, infor 
mation is transmitted about the cleanliness State of the user's 
hands to an external device. 
0007. In general, in an aspect, tracking is done of the 
cleanliness states of the hands of users of wearable cleanli 
ness monitors at a central location. 
0008. In general, in an aspect, from a wireless device, a 
command is transmitted to wearable monitors within range of 
the wireless device to update their states to a non disinfected 
state of the hands of users of the wearable monitors. 
0009. In general, in an aspect, based on successive mea 
Surements of a resistance of an element that is sensitive to 
alcohol vapor, a determination is made whether the element is 
in a condition that degrades its sensitivity to alcohol vapor, 
and if so, the element is heated to restore its sensitivity to 
alcohol vapor. 

Mar. 15, 2012 

0010 Implementations may include one or more of the 
following features. The condition comprises the presence of 
water. The determining is based on whether a drift of the 
measurements is different in character from an expected drift. 
The element is heated until the condition has dissipated. The 
element is used in a test of a level of alcohol vapor emanating 
from a user's finger. 
0011. In general, in an aspect, an alcohol vapor sensing 
device is combined with a display to show information asso 
ciated with a use or user of the sensing device to determine 
cleanliness of a user's hands. 

0012 Implementations may include one or more of the 
following features. The display includes a device in which 
pixels can be Switched from one state to another state using 
power and then retain their states after the power is removed. 
Storage holds information about the cleanliness of the user's 
hands, and a processor causes presentation of the information 
on the display. 
0013 In general, in an aspect, in response to a measure 
ment of a presence of alcohol on hands of a user, audibly 
signaling is done from a device in the vicinity of the user to 
other people in the vicinity of the user, the cleanliness state of 
the user's hands. 

0014 Implementations may include one or more of the 
following features. The signaling is different depending on 
whether the cleanliness state is disinfected or not disinfected. 
The signaling includes a distasteful sound. The signaling 
includes a brief noise repeated at intervals. The volume of the 
noise is increased and/or the intervals are decreased over 
time. 

0015. In general, in an aspect, a wearable unit includes an 
alcohol sensor, an indicator of a cleanliness state of a user's 
hands as determined by the sensor, and a wireless transmitter 
to send information about the cleanliness state to an external 
device. 

0016. Implementations may include one or more of the 
following features. A signaling element, on or off the wear 
able unit, reports, to people in the vicinity of the user, the 
cleanliness state of the user's hands. 

0017. In general, in an aspect, hand cleanliness of people 
is managed within a facility by electronically causing wear 
able devices worn by the people to switch to states represent 
ing non disinfection of their hands regardless of actual states 
of disinfection of the hands of the people. 
0018. Implementations may include one or more of the 
following features. The Switching of states is caused selec 
tively. The selectivity is based on the locations of the people 
within the facility. The selectivity is based on characteristics 
of the people or their conduct. 
0019. In general, in an aspect, the cleanliness states of 
hands of people in a facility are monitored using information 
received electronically from monitoring devices worn by the 
people. 
0020 Implementations may include one or more of the 
following features. The monitoring is done from a central 
location in communication with the monitoring devices. The 
cleanliness states of people and groups of people in the facil 
ity are reported over time. The locations of the people are 
monitored electronically. 
0021. Other advantages and features will become apparent 
from the following description and from the claims. 
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DESCRIPTION 

0022 FIG. 1 is a perspective view of a badge. 
0023 FIGS. 2, 3, and 4 are schematic plan views of three 
layers of the badge. 
0024 FIG. 5 is a sectional side view of a chamber at 5-5 in 
FIG. 4. 
0025 FIG. 6 is a three-dimensional view of a space. 
0026 FIG. 7 shows a monitor. 
0027 FIG. 8 shows a badge in a badge holder. 
0028 FIG.9 is a schematic view of a campus of buildings. 
0029 FIGS. 10 through 13 are outside front, inside front, 
outside back, and inside back views of a badge. 
0030 FIG. 14 is a schematic diagram of a badge. 
0031. The system described here can be used for monitor 
ing, encouraging, and managing the hand cleanliness of 
people who work or are otherwise present in places where 
hand cleanliness is important, for example, to reduce the 
spread of disease or to reduce contamination of products that 
are being manufactured or for other purposes. Important pur 
poses of the system include encouraging or even enforcing 
hand cleanliness, reporting compliance with institutional or 
governmental requirements for hand cleanliness, and permit 
ting the central and institutional control and management of 
hand cleanliness enforcement and reporting. 
0032. As shown in FIG. 1, in some examples, an identifi 
cation badge 10 worn by a doctor has red and green lights 12, 
14, that indicate that her hands are likely to be respectively in 
a clean (e.g., disinfected, green light) condition or in a not 
clean (e.g., not disinfected, red light) condition. The two 
lights are controlled by a control circuit (not shown in FIG. 1) 
based on (a) information derived from an ethanol sensor 16 in 
the badge, (b) signals from a timer (also not shown in FIG. 1) 
that tracks the passage of time after the circuit has determined 
that the hands are likely to be in a disinfected condition, and 
(c) the state of the logic implemented by the control circuit 
(also not shown). An LCD display 23 provides displayed 
information that can include the status of the badge, the 
control circuit, or the sensor; the time; the status of the clean 
liness of the doctor's hands; and other information. 
0033. In addition to providing the disinfection determin 
ing function, the badge 10 can be of a shape and form and can 
display information Sufficient to serve a conventional func 
tion of complying with government and institution regula 
tions that require health care workers to carry visible identi 
fication. For example, the badge includes a photograph 17 of 
the doctor, and other information including the doctor's name 
19 and identification number 21. A typical badge could be 
approximately credit-card size. 
0034. Because health care workers are required to carry 
Such badges for other reasons, providing the disinfection 
determining function within the same badge make it more 
likely that the worker will use that function than if the func 
tion were provided in a separate device that the worker was 
expected to carry separately. In addition, because the badge 
worn by a worker must be visible to others in the health care 
environment, the feature of the badge that indicates whether 
the user's hands are clean or unclean will naturally be visible 
to others. Thus, the worker, merely by having to wear the 
badge, will be subjected to social pressure of peers, patients, 
and managers with respect to the cleanliness of the worker's 
hands. This makes the use of the disinfection determining 
feature of the badge and the improvement of cleanliness 
habits self-enforcing. The institution by whom the worker is 
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employed need only provide badges that include those fea 
tures without directly managing or monitoring their use. 
0035. A pair of electrodes 24, 26 on either side of the 
sensor is used to determine when a finger 28 or other part of 
the hand or other skin has been placed against the sensor. 
When skin of a finger or other part of the hand touches both 
electrodes, the resistance between them will decline. By mea 
Suring that resistance the control circuit can detect the pres 
ence of a finger. 
0036. The badge is used by the doctor in conjunction with 
disinfecting her hands using cleaners of the kind that include 
ethanol (for example, the liquid known by the name Purell 
available from GOJO Industries, Akron, Ohio, and which 
contains 62% ethyl alcohol). Such cleaners are considered to 
be more effective than Soaps and detergents in killing bacteria 
and viruses and are widely used in health care and other 
environments. When the ethanol-based cleaner is rubbed on 
the skin of the hands, the ethanol kills the bacteria and viruses. 
The effect will last for several hours but eventually wears off. 
Ethanol is volatile and eventually evaporates from the skin, 
leaving the possibility (which increases over time) that live 
bacteria and viruses will again contaminate the skin from the 
air and from objects that are touched, for example. 
0037. The concentration of ethanol on the skin and the 
decay of that concentration from evaporation tend to deter 
mine the onset of Subsequent contamination. In turn, the 
concentration of ethanol on the skin can be inferred by the 
concentration of ethanol vapor near the skin. By placing the 
skin near an ethanol detector for a short period of time, it is 
possible to determine the vapor concentration of ethanol and 
thus to infer the ethanol concentration on the skin and the 
disinfected state of the skin. When the current inferred con 
centration is above a threshold, it is possible to make an 
assumption about how long the hands will remain disinfected. 
0038. The badge can be used in the following way to 
improve the hand cleaning habits of the user. 
0039. In some simple examples, the badge can be config 
ured to determine and display two different states: disinfected 
and not disinfected. 
0040 Except when the badge has recently enough (say 
within two or three hours) entered the disinfected state due to 
a measurement cycle in which an adequate concentration of 
ethanol vapor had been sensed, the badge will assume a 
default state of the user's skin of not disinfected. Thus, when 
the badge is first powered on, or reset, or the permitted time 
since a prior Successful measurement has elapsed, the state 
becomes not disinfected. When the state is not disinfected the 
red light is lit and the word re-test is displayed on the LCD. 
0041. In some implementations, the badge can be made to 
switch from the not disinfected state to the disinfected State 
only by a successful ethanol measurement cycle. A Successful 
cycle is one in which a finger or other part of the body is held 
in position over the sensor (touching both of the electrodes) 
for a period that is at least as long as a required measurement 
cycle (e.g., 30 seconds or 45 seconds or 60 seconds depending 
on the design of the circuit), and the concentration of ethanol 
vapor that passes from the skin into a measurement chamber 
of the sensor is high enough to permit an inference that the 
skin is disinfected. 

0042. Thus, when the doctor wipes her hands with the 
cleaner to disinfect them, she can then press one of her clean 
fingers against the sensor 16 and the two electrodes 24, 26. 
for, say, 60 seconds. 
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0043 Touching of both of the electrodes simultaneously 
by the finger is detected by the control circuit which then 
begins the measurement cycle. The control circuit could start 
the red and green lamps to flash alternately and to continue to 
do so as an indication to the user that the electrodes are both 
being touched and that the measurement cycle is proceeding. 
At the end of the sensing cycle, the control circuit determines 
a level of concentration of ethanol and uses the level to deter 
mine whether the finger, and by inference, the hand of the 
doctor is disinfected. Each time a measurement cycle has 
been fully completed, the red and green lights may both be 
flashed briefly to signal that the cycle has ended and the finger 
may be removed. 
0044) The control circuit continually monitors the elec 
trodes to determine when a finger or other skin is touching 
both of the electrodes. When that event is detected, a mea 
surement cycle count down timer (which is initialized for the 
number of seconds needed to complete a measurement) is 
started. At the beginning of a cycle, a Voltage is applied to the 
heater to begin to heat the sensor element. Initially the heater 
Voltage may be set to a higher than normal value in order to 
shorten the initial action period described below. Then the 
heater Voltage is reduced. At the end of the measurement 
cycle, a measurement Voltage is applied across the series 
connection of the measurement cell and the series resistor, 
and the Voltage across the series resistor is detected and 
compared to a threshold to determine whether the state should 
be set to disinfected or not disinfected. 

0045. When the control circuit determines that the hand is 
disinfected, the control circuit switches to the disinfected 
state, lights the green lamp (and turns off the red lamp), and 
displays the word clean on the LCD. In addition, upon the 
initiation of the disinfected state, the control circuit starts a 
re-test count down timer that is initially set to the period 
during which the skin is expected to remain disinfected (for 
example two hours). 
0046. If the control circuit is in the disinfected state and the 
user Voluntarily performs another Successful measurement 
cycle (for example, if, during the two hours after the prior 
Successful measurement, she disinfects her hands again), the 
re-test count down timer is reset. 

0047 Anyone in the vicinity of the doctor who can see the 
lights or LCD is made aware of whether, according to the 
doctor's use of the badge, the doctor's hands are disinfected or 
not. People who find troubling the indication that a person's 
hands are not disinfected can complain to the person or to the 
employer, for example. 
0048. During the sensing cycle the doctor must keep her 
finger against the sensor for at least a certain period of time, 
say 60 seconds, to give the sensor and the control circuit time 
to obtain a good reading. If the doctor removes her finger 
before the end of the period, the control circuit remains in or 
switches to the not disinfected state and displays the word 
re-test on the LCD display. 
0049. If the doctor holds her finger against the sensor long 
enough to complete the sensing cycle, the results of the sens 
ing cycle are displayed on the LCD and by lighting either the 
red light or the green light. 
0050. If the sensing cycle ends with a determination that 
the finger is not disinfected, the doctor can try again to apply 
enough of the cleaner to her hands to satisfy the circuit and 
can test the ethanol concentration again. And the cycle can be 
repeated until the disinfected state is determined. 
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0051. In addition to causing the green light to be illumi 
nated and the LCD to show clean, Successfully completing an 
ethanol test also causes the control circuit to reset a count 
down timer (not shown in FIG. 1) to a predetermined period 
(say, two hours) after which it is assumed that the benefit of 
the ethanol treatment has worn off and the doctor's hands are 
no longer disinfected. When the timer times out at the end of 
the predetermined period, the control circuit turns off the 
green light, lights the red light, and changes the displayed 
word from clean to re-test. Thered light stays on and the word 
re-test continues to be displayed untila Successful ethanol test 
is performed by the doctor. 
0052. As shown in FIGS. 2, 3, and 4, the badge 10 can be 
fabricated by assembling three layers. 
0053 A bottom layer 29 (shown schematically in FIG. 2) 
contains a printed circuit 31 and components mounted on the 
circuit. The components include the sensor element 30 of the 
sensor, two thin batteries 32, 34, a microprocessor 36 (an 
example of the control circuit mentioned earlier), a clock 38 
(an example of the timer circuit mentioned earlier that can be 
used both for the measurement count-down timer and for the 
re-test count-down timer), the two LED lamps 12, 14, and an 
LCD display device 40. The detailed interconnections of the 
devices mounted on the bottom layer are not shown in FIG. 2. 
The control circuit could be, for example, a PIC microcon 
troller available from Microchip Technology, Inc. of Chan 
dler, Ariz. 
0054. A middle layer (shown schematically in FIG. 3) is 
thicker than the bottom and top layer and provides physical 
relief for the components mounted on the bottom layer. The 
patterns shown in FIG.3 represent cutouts 43 or perforations 
in the middle layer. 
0055. A top layer 50 (shown schematically in FIG. 4) 
includes a non-perforated and non-printed clear region 52 to 
permit viewing of the LCD display. Space is left for adding a 
photograph and other information as show in FIG. 1. A per 
forated region 54 provides openings for passage of ethanol 
vapors into the badge and two perforations 56, 58 on opposite 
sides of the perforated region 54 accept the conductive elec 
trodes that are used to detect the presence of a finger. 
0056. As shown in FIG. 5, the arrangement of the three 
layers in the vicinity of the sensorprovides a sensing chamber 
56. Ethanol vapors 55 pass from the finger 53 through the 
holes in perforated region 54 (which is shown as narrower 
than in FIG. 4) and into the chamber. Within the chamber is a 
tin oxide sensor element 30 (which includes an integral 
heater). The sensor element is connected by wire bonded 
connections 61 to circuit runs 59 on the bottom layer of the 
badge. The heater heats the vapors within the chamber and 
sensor element measures the concentration of ethanol. 
0057 Tin oxide sensors are small, low cost, and relatively 
low in power requirements. An example of a tin oxide ethanol 
sensor is the Model TGS 2620-M available from Figaro USA 
Inc. of Glenview, Ill., although other sensors available from 
other vendors could be used. 

0058. The sensor includes an integral heater and four con 
nections, two for the sensor element, and two for the heater. 
By wiring a resistor in series with the element and measuring 
the Voltage drop across the resistor, the control circuit can 
determine the amount of current flowing in the element and 
hence the resistance of the element which will vary with 
ethanol concentration. 

0059 Tin oxide sensors with heaters are subject to a so 
called initial action that occurs when the sensors are not 
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energized for a period and then are energized. The resistance 
of the sensor drops sharply during an initial period of energi 
Zation, whether gases are present in the Surrounding air or not. 
The longer the period of unenergized storage (up to about 30 
days), the longer the period of the initial action. Therefore 
using tin oxide sensors in the badges requires a trade off 
between powering their operation for a period longer than the 
initial action but not so long that the energy drain caused by 
measurement cycles reduces the lifetime of the battery to an 
unacceptably short period. Experiments suggest that if the 
user keeps her finger in contact with the sensor for at least 20 
or 30 seconds, the sensing of ethanol then begins to dominate 
the initial action and permits detection of the ethanol concen 
tration. Other approaches may provide a shorter initial action 
(such as applying a larger Voltage for the first few seconds of 
operation and then the normal Voltage after that). 
0060. The badge provides a simple, effective, portable, 
and inexpensive way to confirm that the ethanol treatment has 
occurred no longer than, say, two hours ago, which likely 
means that the hands remain disinfected. No other external 
equipment is needed. The disinfection condition is apparent 
to anyone in the vicinity of the doctor, including patients, 
Supervisors, regulators, and peers. The Social pressure asso 
ciated with being identified easily as not having disinfected 
hands is an effective way to improve the frequency and thor 
oughness of cleaning. The system does not force the doctor to 
comply. Compliance with cleaning rules and policies may 
remain less than perfect using the badges, yet it is likely that 
the compliance will improve significantly. Any degree of 
improvement translates into reduced costs and injuries now 
associated with hands that have not been disinfected. 

0061. A wide variety of other implementations are within 
the scope of the following claims. 
0062 Although we sometimes have referred to use of the 
system by a doctor, it is also useful for a wide variety of other 
people, including other health care workers, clean room 
workers, and guests, consumers, vendors, employees, and 
other parties involved in any kind activity in which cleanli 
ness of the hands or other parts of the body is important. 
0063 For example, although a simple matching of a mea 
Sured ethanol concentration against a threshold can be used to 
determine simply whether the state should be disinfected or 
not disinfected, it is also possible to provide a more compli 
cated analysis of measured concentration over time and a 
comparison of the measured concentration against dynami 
cally selected thresholds. 
0064 More than two states would be possible, for 
example, to denote different levels of disinfection or to denote 
that longer periods of time may elapse before another mea 
Surement is required. 
0065. The length of time before a first measurement is 
considered Stale and another measurement is required need 
not be based on an estimate of how long the ethanol on the 
skin will be effective, but can be based on an arbitrary period 
Such as every hour. 
0066. The degree of accuracy and repeatability of the mea 
surement of ethanol concentration may be traded with the 
cost and complexity of the circuitry needed to do the mea 
Surements. In some examples, the goal need not be to assure 
that the user's hands are thoroughly disinfected at all times. 
Rather, if the system encourages more frequent and more 
thorough cleaning to any noticeable degree, great benefits 
will result. Thus a very simple system may be quite useful and 

Mar. 15, 2012 

effective even though it may allow some users to cheat and 
may fail to determine the state accurately at all times. 
0067. Additional lights and displayed words may be used 
for a variety of purposes. The approach of the end of the 
disinfected period could be indicated by a yellow light to alert 
the user that a cleaning would soon be needed. 
0068. The lights and LCD display could be supplemented 
with or replaced by audible alerts for all functions or some of 
them. 
0069. In some examples, not all of the circuitry need be 
mounted in a single badge. Some of the circuitry could be 
located in a different piece of equipment. For example, a 
sensor used in common by many people may be mounted on 
a wall and convey (say by wireless communication) the mea 
sured concentration of ethanol to the badge, which would 
then determine the state and indicate that State through lights 
and on the LCD. By separating the two, the badge could be 
lower cost, the sensor could be more complex and accurate, 
and the sensor could be located at places where the disinfec 
tant solution is dispensed. Fewer sensors would be needed. 
0070. Each badge could itself be split into two compo 
nents that communicate with each other wirelessly or by wire. 
For example, a sensor module could be located in the user's 
pocket, while the badge contains only the logic circuitry. 
0071. The cleaning agent that is being measured need not 
be limited to ethanol but could include combinations of etha 
nol with other materials or other materials in the absence of 
ethanol; an appropriate sensor for the other materials would 
be used. 
0072 The badge could include clips, hook and loop fas 
teners, chains, pins, ribbons, and belt loops, and other devices 
to hold the badge on the user. 
0073. The device need not take the form of a badge but 
could be an ID device that attaches to a belt, a lapel, any other 
article of clothing, and other parts of the body including an 
arm, a leg, or a neck. 
0074 Instead of integrating the badge, sensor, and indica 
tors in one unit, the badge could be an already existing badge 
of the kind used in hospitals, for example, to identify employ 
ees. Such badges often include names, photographs, and mag 
netic stripes or bar codes that can be Swiped on readers. A 
shown in FIG. 8, the device 80 could take the form of a holder 
82 in which the existing badge 84 could be held. The device 
would then contain all of the other elements except those that 
appear on the badge. Arranging for a separate badge and 
badge holder has a number of advantages. The badge can be 
removed and used and swiped independently of the device. 
The badge can be replaced separately without requiring a 
replacement of the device electronics. Existing badge equip 
ment and technology can continue to be used. In some 
examples, the badge could be designed to couple electroni 
cally to the holder using, for example, RFID technology with 
an RFID element 85 in the badge and an RFID transceiver 87 
in the holder. When the badge is placed in the holder, the 
holder recognizes the identification of the user and other 
information. 

0075. In some examples, the badge, the holder, and the 
RFID transceiver 87 could be arranged differently. For 
example, the RFID transceiver could be located on a different 
device worn by the user while the badge could remain 
mounted on the holder. 

0076. The badge could be powered by photovoltaic cells 
using ambient light instead of a battery. 
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0077 Although two different lights could be used to indi 
cate the disinfected and not disinfected conditions, a single 
light that can change color could also be used, saving cost and 
Space. 
0078 Because the ethanol sensor has a lifetime that is 
limited by the number of test cycles, the badge can include a 
circuit that counts the number of tests performed and illumi 
nates a warning light or provides some other indicator when 
the sensor is reaching the end of its useful life. 
0079. Other types of ethanol sensors can be used. One 
Such sensor comprises a ceramic chip but is considerably 
more expensive than the sensors described earlier. 
0080. Although ethanol and an ethanol sensor form the 
basis of some of the examples described here, other disinfec 
tants (for example, trichlosan) may also be used provided that 
effective sensors are available for them. 
0081. In general, in addition to triggering a change in state 
of the badge after a period elapses, it is also useful to maintain 
a count of the number of times a person has run a test (some 
times called the number of taps) using the sensor in a given 
period of time. The badge can contain a counter that keeps 
track of the number of taps and determines the count per 24 
hours. This number can then be reported to the person's 
employer or to regulatory agencies as evidence of good clean 
liness practices in an institution. For reporting purposes, the 
number of counts can be communicated to a reader by RFID 
technology, or any other communication technique. 
0082. The sensor and indicators need not be associated 
with identification information but could be provided in a 
device the Sole purpose of which is to measure the concen 
tration and provide an indication of it. 
0083. The device can be used in non-health care environ 
ments in which hand cleanliness is important or expected. 
0084. In a health-care environment, the device could be 
used by anyone who is providing services as well as by 
patients and their families or friends. 
0085 Information about the frequency, timing, and results 
of measurements performed historically by the user can be 
stored on the badge. 
I0086. Many additional functions could be added to the 
badge by increasing the capacity of its processor, memory, 
displaying, communications ability, and user inputs features. 
0087. In other examples of a cleanliness sensing badge 
200, as shown in FIGS. 10, 11, 12, 13, and 14, a battery 202, 
a circuit board 204, a sensor 206, a multi-color LED 207, a 
two-dimensional display 209, and a momentary on switch 
208 are mounted within two halves 210, 212 of a housing. To 
reduce the chance of contamination of or damage to the 
components on the inside of the housing, sealing elements 
can be provided along the seam between the two halves and at 
the openings in the two halves through which each of the 
LED, the switch, and the display are mounted. 
0088 As shown in FIG. 14, the components of the sensing 
badge include a CPU 220 having a flash memory (Microchip 
part 18F6720) to control (a) the display 209 (Varitronix part 
COG-ZBD9696-02) through I/O lines 222, (b) an alcohol 
sensor 224 (Figaro part TGS2620) through control outputs 
226, 228, and A/D input 230, (c) a piezo speaker 231 through 
outputs 234, 236, (d) the two-color LED 207 through outputs 
238, 240, and (e) an external EPROM (Microchip part 
24FC256) 239 through an I/O bus 242. The CPU 220 also 
receives information from the switch 208 and communicates 
bidirectionally through a voltage level shifter 244 (Maxim 
part Max3001E), an RF transceiver 246 (Chipcon part 
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CC2420), a balun circuit 248, and an antenna 250 with tran 
sponders, base stations, and possibly other external devices 
251. The voltage level shifter shifts the DC voltage level of 
signals sent back and forth to the CPU from the 5.0 volts level 
used by the CPU to the 3.3 volts level used by the transceiver, 
saving power. 
I0089 Power for the circuitry is provided by the battery 
202 through a DC/DC converter 252 (Maxim part Max 1677) 
and a Voltage regulator 254 (Texas Instruments part 
TPS77033). 
0090. The alcohol sensor 224 includes a sensor element 
225 and a heater 227. The resistance of the sensor element 
changes in the presence of alcohol vapor by an amount that 
relates to the concentration of the vapor. By permitting alco 
hol vapor from a person's finger to reach the sensor and by 
using an appropriate test protocol, the relationship of the 
concentration of the vapor to a threshold can be determined 
and used to establish a disinfected or not disinfected state of 
a user's hands. The resistance of the sensor element 225 is 
measured as an analog voltage at the A/D input of the CPU. If 
the sensor element remains dry, the resistance of the element 
in the absence of alcohol will be subject to very little drift. 
However, if the sensor element is exposed to water or water 
vapor, the resistance will change Substantially. For this rea 
son, in a typical use of the sensor element 225, the heater is 
energized for a period to dry the sensor element before a 
measurement is taken. Thus, a time delay must occur from the 
time when a measurement is desired until the time when the 
measurement is completed. 
0091 To eliminate the time required to heat the sensor 
element at the time when a test is to be started, the resistance 
of the sensor element is continually monitored. If the drift in 
the resistance of the element occurs more slowly than a back 
ground drift rate, indicating that the sensor element has 
remained dry, no action is taken and the sensor element is 
considered to be in a standby mode. Conversely, if the resis 
tance drift is comparable to what would be expected when 
water vapor is present at the sensor element, the CPU drives 
the heater in a heating mode to dry out the sensor element. As 
Soon as the resistance has returned to the expected dry value, 
the heater is turned off and the system returns to the standby 
mode. 
0092. When the sensor element is in the presence of alco 
hol vapor, Such as when a person with disinfected hands 
places a finger near the monitor, the resistance of the dry 
sensor element shifts Substantially, indicating a presence of 
alcohol vapor. This causes the CPU to enter a test mode in 
which a determination is made whether the concentration of 
the vapor exceeds a threshold that indicates disinfected 
hands. Once the test is completed and related actions are 
taken by the CPU in response to the result, the CPU returns to 
the dry mode. The heater is driven by the CPU output through 
the gate of a transistor 256. To detect the resistance of the 
sensor element, the CPU drives the sensor element through 
the gate of a transistor 258 and the voltage level at a node 260 
is the analog input to the CPU. 
0093. In this way, the sensor is always available for a test 
measurement without requiring a heating cycle and the user 
can perform a test simply by putting her finger near the sensor 
element without requiring an on switch to be activated. Nev 
ertheless, in Some implementations, a Switch can be provided 
that can be pressed by the user to initiate the test mode. 
0094. The program used by the CPU to operate in the 
standby mode, the heating mode, and the test mode, is stored 





US 2012/0062378 A1 

0106 The determination of what data is to be uploaded 
could be made by the CPU or by the external device to which 
the data is to be uploaded. 
0107. In addition to uploading data from the badge to the 
external device, in Some examples, information and com 
mands may also be downloaded from the external device to 
the badge. The data to be downloaded could include updated 
calibration values, updated threshold values, updated identi 
fiers, information to be shown on the display of the badge, a 
refresh of prior test results and data, and other information. 
The commands could include instructions to turn the badge 
on, or off, to perform a testand return the results, to upload the 
test results from previous tests, to purge the EPROM of prior 
test results, to control the lighting of the LEDs or the infor 
mation shown on the display, to trigger the speaker, to recon 
figure the transceiver, to reboot the CPU, and other com 
mands. 
0108. The CPU may continually maintain information 
about the cleanliness state of the user that is based on current 
and historical tests performed either on the badge or on 
another device (for example, the results of alcohol tests per 
formed on a wall mounted tester could be communicated to 
the badge and used for that purpose). The badge will switch 
from the disinfected state to the non-disinfected state after a 
predetermined period that can be stored in the EPROM and 
updated based on empirical data about the duration of effec 
tiveness of an alcohol cleaning of the hands. 
0109. In addition, the badge can be forced by a command 
from an external device to Switch from a disinfected State to a 
not disinfected State when the badge is in communicating 
range of the external device. This feature can be used by a 
manager of a building, a space, or a campus, to enforce afresh 
hand cleaning regimen on users at certain locations whether 
or not they are currently in a disinfected State. 
0110. For this purpose, external devices may be locating in 
places where the hand cleaning regimen is to be enforced and 
may continually broadcast state changing commands to any 
badges that come within range. For example, a transponder 
may broadcast a “switch to not disinfected state' command 
constantly or at times when a badge is detected nearby. In 
response to receiving the command, the badge will Switch 
states and accordingly, update whatever warning signals cor 
respond to a disinfected State may be sent, including Switch 
ing the LED from green to red, changing a message that is 
shown on the LCD display, and changing the Sound delivered 
by the speaker. The change in state will strongly encourage 
the badge owner to wash his hands and test them in order to 
switch the state back to disinfected. 
0111 For example, the manager of a facility may want to 
enforce the cleanliness regimen at all bathrooms in the facil 
ity. External devices such as transponders can be posted at the 
entrances to all bathrooms (or to clean rooms in the facility, or 
to operating rooms), causing the badge of every person who 
enters the bathroom to be switched to a not disinfected state. 
In order to switch the badge back to disinfected, the user must 
wash with alcohol and successfully test her finger. The 
enforced regimen can be managed Statically, simply by the 
placement of the transponders in desired locations that auto 
matically broadcast state-switching commands. In some 
examples, the control of the regimen could be dynamically 
altered, if the external devices that cause the switching of the 
state are in communication with a central controller, for 
example, through an IP network. In Such a system, the central 
controller could be configured at one time to cause certain 
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selected transponders to flip states of badges and at another 
time to cause a different set of selected transponders to flip 
states of badges. 
0112 For example, a hospital administrator may wish to 
enforce the cleaning regimen in one wing of the hospital on 
one day and in another wing on another day. Or the regimen 
may be enforced during a night shift but not during a day shift. 
In some examples, the facility may decide to flip the States of 
all badges at all locations at one time. 
0113. The external devices may include stand alone 
devices such as transponders that are passive one-way trans 
mitters of commands, do not receive any data in return and are 
not connected to any other devices. In some examples, the 
external devices could also have two-way data communica 
tions capabilities and/or could be connected to other devices 
that have additional capabilities. The external devices could 
be dedicated to functions associated with the badges or could 
be devices that have other functions for other purposes. 
0114. The external devices could include several kinds in 
one system including transponder, wall-mounted test devices, 
base stations that would serve multiple transponders, and 
central stations that would communicate multiple based sta 
tions and/or transponders. The communications among tran 
sponders, monitors, base stations, and central stations can 
occur wirelessly or by wired connections and by peer to peer 
communication or in a client server mode. 
0.115. In addition to triggering state switches in the badges 
and communicating data about alcohol tests performed in the 
badges, the monitoring System can also track the locations 
and Succession of locations of badge holders. In some 
examples, when badges communicate their identifier infor 
mation to external devices the information is passed to a base 
station and/or to a central station. In this way, the central 
station can be aware of recent locations and the history of 
locations of all badge holders. The cleanliness state of the 
badge holders can then be associated with the locations and 
action can be taken if necessary. For example, if a badge 
holder repeatedly enters bathrooms in the course of a day but 
never washes, the administrator of the facility can confront 
the person directly. More generally, the badge state history of 
individuals or groups, or all badge holders can be stored and 
reported, and analyzed. 
0116 Studies of selected groups may be performed. For 
example, a study can focus on the cleanliness habits of Sur 
geons as compared to nurses. For this purpose the party per 
forming the study can control the flipping of States of the 
badges and record and study information about testing done 
by the badge holders over time. 
0117 The history of which badge holders were in which 
locations and in what cleanliness states when at those loca 
tions may be tracked and analyzed and be used to provide 
useful information associated with specific events. For 
example, Suppose a patient or other person in a hospital con 
tracts an infection that is normally thought to be transmitted 
by touching or close proximity. If the patient's room was a 
location protected, for example, by a state-switching tran 
sponder, the history of badge locations could indicate which 
health care workers were in proximity of the patient during a 
period considered to be when the infection was transmitted. 
This could enable identifying individuals who may be carriers 
of infection for corrective action, for example. Correlation of 
infections contracted by multiple patients with cleanliness 
states and locations of badge holders could facilitate identi 
fying a carrier. 
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0118. To control the operation of the monitor system, each 
base station and/or each central station can include a graphi 
cal user interface, for example, an interface presented in an 
Internet browser window. 
0119 Referring again to FIG. 14, the LCD display 209 can 
be of a kind that provides a stable display even when unpow 
ered. In Such a display, power is required to change the states 
of the pixels of the display, but once the pixels have reached 
a stable state, they will remain in that state even after the 
power has been removed. Such displays are available in as 
two-state “black and white' devices, and it is expected that 
gray Scale and color LCD panels with the same unpowered 
stable state feature will soon be available. One advantage of 
Such a display is that the Social pressure aspect of the system 
can be brought to bear even if the user attempts to remove the 
battery or otherwise disable the device. Such a display also 
reduces the use of battery power significantly. Other features 
described here (for example, the use of a lower powered 3.3 
volt transceiver and the ability to operate in a standby mode) 
also contribute to reduced battery load. 
0120. The information to be shown on the display could 
include the name, identifying number, and picture of the user 
of the badge (based on a stored image), the cleanliness state of 
the user, the history of the cleanliness state, and the state of the 
badge and its operation. The displayed information could be 
controlled by the CPU or in part by the user of the badge, or 
by the facilities manager. 
0121 The communication protocol in Some examples is 
the Zigbee protocol (IEEE 802.15.4) which requires rela 
tively low power, operates at 2.4 Gigahertz, is license-free, 
and operates at relatively low telemetry rates. 
0122 Referring again to FIGS. 10 through 13, the front of 
the badge includes a sensor access grid 300 in the form of a 
round configuration of linear slits that allow alcohol vapors to 
pass into an enclosed sensor chamber 302 formed within the 
housing. The sensor chamber includes a tubular channel 304 
in which the cylindrical outer wall of the alcohol sensor can 
be held with the end face of the sensor aimed in a direction 
parallel to the front surface of the badge (rather than aimed in 
the direction of the sensor access grid). Alcohol vapors can 
follow the path of arrow 306 into the chamber 302 where it 
can touch the sensor element face of the sensor. Eventually 
the incoming vapor can exit at right angles through a vapor 
exhaust vent 308 on the back half of the housing. The intake 
grid and the exhaust vent are positioned and oriented so that 
foreign materials (water or other liquids, for example) that 
strike the outer faces of the housing cannot easily reach the 
surface of and contaminate the sensorelement. Other features 
of the housing seal the perimeters of the two halves and the 
holes through which the on switch, the display, and the LED 
project. 
0123. In some examples, instead of (or in addition to) 
storing the user's identity information in the EPROM of the 
badge, the information (and other information about the user) 
can be derived using RFID technology from an RFID chip 
318 that is part of an existing identification badge 316 issued 
by the facility to the user for other purposes. In these 
examples, the badge could be extended 314 at one end to 
accommodate the badge. 
0.124. The piezo speaker can be used for a wide variety of 
functions. One function is to provide an audible indication of 
a cleanliness state of the user. By storing appropriate audio 
clips in the EPROM and playing them back through the 
speaker, a happy or upbeat Sound could be played briefly 
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when a successful test is completed and an unhappy or 
grumpy Sound could be played when a test has failed. In the 
case of a failed test, the grumpy Sound could be repeated at 
intervals (say several minutes) and the Volume of the Sound 
could be increased and the intervals decreased over time so 
that the Social pressure to wash the hands and conduct a 
successful test becomes irresistible. 
0.125. In addition to a display, an LED, and a speaker, the 
badge could include a vibration element to alert the user when 
the safe disinfected period is near an end or has ended, for 
example. 
I0126. As shown in FIG. 6, in some examples, a monitor 70 
could be mounted on a wall 72 of a space 74, such as a 
bathroom. The monitor could containa radio frequency trans 
ceiver 75 that would cooperate with radio frequency identi 
fication (RFID) elements contained in badges of users. Using 
RFID technology, when a person wearing a badge passes near 
to the monitor, the monitor could use RF communication to 
determine that the person is present and to fetch information 
from the badge about the person's identity (and other infor 
mation as discussed later). The monitor could also send an 
instruction to the badge to cause the badge to reset itself to the 
not disinfected State. Communication technologies other than 
RFID could also be used to detect the presence of the user and 
to communicate information between the monitor and the 
badge or other elements worn by the user. The element worn 
by the user could be one that identifies the user or one that 
does not identify the user. 
I0127. When the person wearing the badge enters the bath 
room, or any other monitored space Such as a patient room, or 
a Surgical theater, the triggering device sends a signal to the 
badge that causes the badge to enter the not disinfected State 
and light the lamp that indicates that state. This triggering will 
encourage the user to disinfect his hands before leaving the 
bathroom or before proceeding further into the monitored 
space in order to avoid the Social disapproval associated with 
leaving the bathroom with the red lighton. In these examples, 
the badge's state could be forced to change to the not disin 
fected State regardless of how much time has passed since the 
most recent successful test using the badge sensor. The user's 
status can be reset to the disinfected State by the user cleaning 
his hands and testing them. 
0128. As shown in FIG. 7, a hand cleanliness monitor 70 
could include not only an ethanol or other sensor 106 but also 
a presence detector 108 and one or more indicators 110 of 
hand cleanliness with respect to one or more people who have 
entered the space. One of the indicators 112, which could be 
broadly visible to people in the space (for example, if it is 
placed on an interior wall of a room) or people outside the 
space (for example, if it is placed on an interior wall of a 
room) or both, could turn from green (indicating that all 
people in the space are believed to have disinfected hands) to 
red when a person is detected as entering the space. In that 
case, the red light would indicate to viewers that a person 
whose hand cleanliness state is unknown and assumed to be 
not disinfected has entered the space. 
I0129. The person entering the room could cause the light 
to turn from redback to green by touching the sensor (assum 
ing his hands bear enough ethanol to imply a disinfected 
condition) or by first cleaning his hands and then touching the 
SSO. 

0.130. In some examples, the monitor could be placed on in 
interior wall of a patient's room. Whenever anyone enters the 
room, including health care workers, the patient, or guests, 
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the monitor would indicate a possibly not disinfected condi 
tion until someone touches the sensor and causes the red light 
to turn green. Social pressure of people in the room, who 
would observe the red light would help to enforce good clean 
liness habits on every person entering the room. 
0131 The parts of the monitor need not be included in a 
single integrated wall unit. For example, a portion of the 
monitor that detects that a person has entered or left a space 
could be a separate system, including an existing system, that 
would exchange the information with the monitor as needed. 
The indicators could also be located separately from the 
monitor to make the lights visible to many people eventhough 
the monitor is located near an entrance to or exit from a 
monitored space. The sensor, too, could be located separately 
from the monitor. For example, the badge sensors could pro 
vide the re-test information to the monitor. 
0.132. In some examples, an entire building could be moni 
tored by providing monitors on the walls at all entrances to the 
building. In addition to the Social pressure associated with 
public display of the not disinfected condition, an employee 
or automated gate at each entrance could require that the 
person entering either prove that his hands are disinfected by 
using the sensor either upon entry or after using a disinfectant 
available at the entrance. 
0133) A variety of spaces could be monitored, including 
bathrooms (or other locations where disinfecting is especially 
important) and changing areas in hospitals or food processing 
facilities, for example. 
0134. In some examples, the monitor could include cir 
cuitry that would detect, in other ways than described above) 
a presence of one or more people within a space (whether or 
not the people have entered or left the space), would deter 
mine a cleanliness state of hands of the people detected as 
present, would include circuitry to report the cleanliness 
State. 

0135 A publicly viewable monitor used to indicate the 
disinfected condition for people within a space can facilitate 
Social pressure being applied by people in a room to people 
who enter the room even without the monitor having any 
information about the identity of a person entering the room. 
In addition, the monitor may include or be part of a system 
that includes devices to determine who has entered a space 
and to correlate that information with a person who then uses 
the sensor to indicate that his hands have been disinfected. 
0.136 For example, the person entering the room may 
carry a badge (of the kind issued by a health care facility) that 
uniquely identifies him and includes a bar code, a magnetic 
stripe, an RFID element, or another device that can be readby 
a reader 114 (for example, the RF transceiver 75 in FIG. 6) 
that is on the monitor or mounted separately on the wall. 
Depending on the technology, the user's badge could be read 
from a distance or be swiped on a reader. When the person 
enters the room, his presence and identity are detected. At the 
time when he successfully completes a measurement by the 
sensor indicating that his hands have been disinfected, his 
identity is read again and compared with the identities of 
people who have entered the room and not been determined to 
have passed a measurement for disinfected hands. Only when 
all of the people who have entered the room have passed the 
test will the red light be switched to green. 
0.137 An enterprise could issue temporary identification 
cards to every person who enters a building or other space and 
does not already have an identification badge for use with the 
system. 
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0.138 A variety of other techniques could be used to iden 
tify the person entering a space, including detection of bio 
metric information (such as a voice print or a finger print or a 
facial print) or requiring a person to enter an identification 
code on a keypad 116 on the monitor. The person could enter 
the identification both upon entering the room (in Some cases 
as a trigger for a locked door or other entry gate) and upon 
passing a disinfection test using the monitor. In some imple 
mentations, it may be possible to identify a person using a 
fingerprint detection technique at the same location on the 
monitor and at the same time as the disinfection test is per 
formed. Other techniques could also be used to assure that a 
Successful test is accurately correlated to an identifiable per 
SO 

0.139. The monitor can also include circuitry that keeps 
track of how many people are in the space (for example, by 
also detecting when someone has left the space). When the 
oldest Successful disinfection test (among tests that number 
as many as there are people still in the room) occurred more 
than a predetermined period (say 2 hours) earlier, the monitor 
can time out and change the green light to red until someone 
in the room Successfully tests his hands again. 
0140. In these examples, and others, it is possible for 
people to deceive the monitor, for example, by having one 
person in the room repeatedly test his hands positively on 
behalf of other people in the room. However, as indicated 
earlier, at least in some examples, the Social pressure associ 
ated with the public display of the disinfection state of the 
space and the shifting of green to red in certain situations, may 
be sufficient to significantly improve the frequency and qual 
ity of hand cleaning among people in the space. 
0.141. Other arrangements could be used to reduce the 
degree and nature of the deception that may be possible and to 
increase the ability of a monitoring system to track and report 
the performance of identified people or groups of people in 
maintaining hand cleanliness. Some such arrangements 
would use the unique identifiers associated with different 
people to track their performance. 
0.142 For example, the wall monitor could include a pro 
cessor and software to track individuals who enter and leave 
a room based on their unique identifiers and correlate the 
identities with tests that are performed successfully. The 
monitor could then control the red light and green light based 
on the Successful testing of hand cleanliness by each indi 
vidual in the space at least as often as some pre-specified time 
period (say every two hours). By including a small display 
120 on the face of the monitor, the person whose hand clean 
liness requires re-testing can be identified by name or identi 
fier or some other indicator. In this way, each of the people in 
the space can be alerted from time to time of the need to 
re-clean, and re-test and everyone in the space can know who 
needs to do so. 
0.143 Such a monitor could be used in conjunction and 
cooperation with worn badges, for example, of the kind dis 
cussed earlier. For example, using RFID or wireless or other 
kinds of communication capability in the monitor and at least 
Some badges, the monitor and the badge could communicate, 
exchange information, control actions, and make reports, all 
in a wide variety of ways. 
0144. In a simple example, the monitor could cause the 
light on a badge to Switch from red to green at the same time 
(or different times) as the lights are switched on the monitor, 
to indicate to others in the space which person in the space 
needs to re-clean and re-test. A Successful test performed on 
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the badge can be reported to the monitor for use, for example, 
in the same way that a test on the monitor would be used. 
Conversely, the monitor can report to a badge a successful (or 
unsuccessful test) performed on the monitor by the owner of 
the badge. More generally, the badges and monitors in one or 
more spaces can continually be synchronized to store com 
mon information about tests by the owner of the badge and to 
cause common indications of the cleanliness state of the 
badge owner to be given by both the monitor and the badge. 
0145 As a person moves around in a building that has 
more than one monitored space, the monitors and the badges 
will together in that way maintain current information and 
provide current indications of the cleanliness state of the 
badge owner. 
0146. As shown in FIG. 9, although this co-operative 
maintenance of information and reporting can be done infor 
mally and by ad hoc action of different pairs of badges and 
monitors over time through a building, additional functions 
and better performance may be achieved by arranging for a 
portion or all of the monitors 130 in a building 132 or campus 
of buildings 134 to be interconnected by a wired or wireless 
communication network on a peer-to-peer basis or with the 
co-operation or control of a central server 136 or a distributed 
set of central servers 136, 138, 140. The central server or 
servers may be servers already used for a facility to provide 
communication and manage the control of other kinds of 
devices scattered throughout the facility or the reporting of 
information from other kinds of devices. 
0147 The monitors, the badges, and/or the central server 
or servers may include memory or mass storage 144 that 
contains a database 146 or other organized information about 
the permanently or temporarily registered people who have 
access to a building or space. The database can store infor 
mation that is associated with individuals and information 
that is statistically relate to groups and Subgroups of the 
individuals. 
0148. In some implementations, an individual badge can 
maintain a small database of information about a complete 
history of an individual’s cleanliness testing beginning at the 
time when the badge was first issued, or at some later time. Or 
a rolling set of data ending at the current time may be kept. 
The data may catalog every instance when the user tested the 
cleanliness of his hands, the result, the time of the test, and the 
parameter values that were produced by the sensor in the 
testing. When the badge is able to communicate with moni 
tors in different spaces or Subspaces, the badge database may 
also track the places in which each of the tests was performed, 
which other people were present in the space when the tests 
were performed, and other information. Information in the 
badge database can be uploaded to one or more monitors 
using the communication links to the monitors, or may be 
uploaded from the badges directly to a central server using 
special badge readers located in one or more places in the 
facility. 
0149 Each monitor can maintain a database of informa 
tion using information from badges of people with whom the 
monitor has interacted and information from other monitors 
in other spaces (for example, contiguous spaces). The data 
base of a monitor could track every time a person has entered 
a monitored space and every time she has left the space. The 
data could include the time of entry, the time of exit, the space 
in which the user was most recently monitored, the time 
between entry into the space and when a re-test was per 
formed, the results of the re-test, the number of re-tests per 
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formed in the room, the identities of other people in the room 
at the time of re-test, and a wide variety of other information. 
0150. If a person leaves a monitored space 131 and enters 
a monitored space 132, the monitors in the two spaces could 
be arranged to communicate so that the monitor in space 132 
need not require a re-test if a re-test had been done in space 
131 within a pre-specified earlier period. 
0151. When the monitors and/or badges are networked 
with a central server, the central server can use information 
provided from the monitors and/or badges to track the overall 
cleanliness testing activity of all of the monitored people in all 
spaces that are networked. 
0152 The central server could maintain a database 134 
that could include detailed historical information and statis 
tical Summaries of information. The information could track 
every time any of the monitored people enters or leaves a 
monitored space, the number of times and the times at which 
re-testing has been done, the results of each re-test, the routes 
of the people moving through the building or campus, 
whether the people are wearing their badges, whether they 
used their badges or the wall monitors to re-test cleanliness, 
and a wide variety of other information. 
0153. The central server can use software 140 running on 
the server or servers to analyze information stored in the 
central database or the databases of one or more of the badges 
or the monitors. The analyses can address the performance of 
different groups on cleanliness, the correlation of cleanliness 
to location, the correlation of demographics (age, gender, 
geographic location) with cleanliness, the impact of training, 
monitoring, and other actions on the cleanliness performance, 
and time dependent changes by individuals, groups, and Sub 
groups of cleanliness performance. 
0154 In addition to monitoring and analyzing information 
about cleanliness performance the central service can provide 
reports that are useful to or required by the party that operates 
the building or campus, other institutions, liability carriers, 
and governmental bodies that regulate certain aspects of the 
performance of the party and the individuals employed by the 
party. For example, governmental agencies may require hos 
pitals to assure that hospital employees are disinfecting their 
hands more often than a certain number of times a day and to 
report failures to meet that requirement. Reports may also be 
given to individuals being monitored to groups of individuals, 
to their Supervisors, and to others. Reporting to individuals 
can be done by email. For example, a doctor who is not 
disinfecting his hands often enough would periodically be 
sent an automatic emailurging him to improve his cleanliness 
practices. 
0155 The physical housing used for the monitor could be 
much smaller than the badge shown in earlier examples and 
could be used in other environments. For example, a badge in 
the form of a ring could be used for a nanny. At the end of the 
day, when the parents of the nanny's charge return home, the 
ring would immediately indicate whether the nanny had 
washed her hands at least every two hours during the day. 

1. An apparatus comprising 
a wearable device that includes (a) an indicator to indicate 

a cleanliness state of a user's hands and (b) a wireless 
communication element to communicate, with an exter 
nal device, information that is useful in connection with 
indicating the cleanliness state of the user's hands. 

2-32. (canceled) 


